In a cubic ferromagnet, small spontaneous lattice distortions are expected below the Curie temperature, but the phenomenon is usually neglected. This study focuses on such an effect in the U4Ru7Ge6 compound. Based on DFT calculations, we propose a lattice distortion from the cubic Im − 3m space group to a lower, rhombohedral, symmetry described by the R − 3m space group. The strong spin-orbit coupling of the uranium ions plays an essential role in lowering the symmetry, giving rise to two different U sites (U1 and U2). Using polarized neutron diffraction in applied magnetic fields of 1 T and 9 T in the ordered state (1.9 K) and in the paramagnetic state (20 K), we bring convincing experimental evidence of this splitting of the U sites, with different magnetic moments. The data have been analyzed both by maximum entropy calculations and by a direct fit in the dipolar approximation. In the ordered phase, the µL/µS ratio of the orbital and spin moments on the U2 site is remarkably lower than for the free U 3+ or U 4+ ion , which points to a strong hybridization of the U 5f wavefunctions with the 4d wavefunctions of the surrounding Ru. On the U1 site, the µL/µS ratio exhibits an unexpectedly low value: the orbital moment is almost quenched, like in metallic α-Uranium. As a further evidence of the 5f − 4d hybridization in the U4Ru7Ge6 system, we observe the absence of a magnetic moment on the Ru1 site, but a rather large induced moment on the Ru2 site, which is in closer coordination with both U positions. Very similar results are obtained at 20 K in the ferromagnetic regime induced by the magnetic field of 9 T. This shows that applying a strong magnetic field above the Curie temperature also leads to the splitting of the uranium sites, which further demonstrates the intimate coupling of the magnetic ordering and structural distortion. We propose that the difference between the magnetic moment on the U1 and U2 sites results from the strong spin-orbit interaction with different local point symmetries.
I. INTRODUCTION
In condensed matter, the uranium 5f wavefunctions have a large spatial extent and interact strongly with the outer electrons of the neighboring ions leading to the loss of their atomic character and the delocalization of the 5f electrons. The outer-electron configuration of the ligands of a U-ion, the coordination number and the ligand sphere geometry hence play key roles in physics of U intermetallics. The interplay between these physical characteristics gives a rise to an abundance of exotic physical phenomena often connected with complex 5f electron magnetism and various exotic low-temperature states. The loss of atomic character of the 5f electron wavefunctions and delocalization of 5f electrons have a fatal impact on the formation of the U magnetic moments which are then often found dramatically reduced with respect to the U
3+
and U
4+
free-ion moment values. Unlike the 3d transition metals, which generally exhibit only a spin magnetic moment due to "freezing" of the orbital component in the crystal field, the relativistic effects, namely the strong spin-orbit interaction, in the heavy atoms like U induce a large orbital polarization 1, 2 which is boosting the formation of a considerable orbital moment even in the case of itinerant 5f electrons. The relativistic energy band calculations performed for U compounds by rule provide an orbital component larger than the antiparallel spin component of a U magnetic moment.
1-7
These findings are in agreement with the results of polarized neutron diffraction (PND) studies of U-compounds. The pioneering PND studies were focused on US 8 , UO 2 9,10 and USb
11
, considered to be localized 5f electron systems. The e − e interactions of U ions with ligands lead to a significant hybridization of the U 5f -electron states with the non-5f valence electron states (5f -ligand hybridization). A strong evidence of the important role of the 5f -ligand hybridization was first experimentally revealed by PND on URh 3 12 with the observation of the enhanced elemental susceptibility of the Rh ion, twice the value of metal Rh. The 5f -ligand hybridization mechanism was theoretically explained for UT 3 and UX 3 (T = transition metal and X = p-element, respectively) compounds by Koelling et al. 13 and corroborated by band structure calculations performed by Eriksson et al..
14
The delocalization of the 5f electrons due to the large overlap of the 5f wavefunctions of neighboring U ions and the strong 5f -ligand hybridization is accompanied by a reduction of the 5f magnetic moment. Despite this, the strong spin-orbit coupling induces a predominant orbital magnetic moment antiparallel to the spin moment in the spin-polarized 5f energy bands as first This may lead to a very small total U magnetic moment, no more than a few hundredths of µ B , as observed in the itinerant 5f ferromagnet UNi 2 , 15 and further confirmed by polarised neutrons 16 and first principles electronic structure calculations.
5
Despite the itinerant character of the magnetism, UNi 2 exhibits very strong magnetocrystalline anisotropy with H a 35 T at 4.2 K.
The most prominent example of almost complete compensation of the spin (µ S ) and orbital (µ L ) 5f moments is UFe 2 with µ L = 0.23 µ B and µ S = 0.22 µ B , resulting in a net moment at the U site of only 0.01 µ B . This specific situation together with the considerably different spatial distributions of the orbital and spin magnetizations result in an unusual magnetic form factor exhibiting a maximum at a finite q.
17,18
The experimental observations fulfilled the theoretical prediction of Brooks et al.
19
based on the finding that the 5f -ligand hybridization reduces disproportionately the orbital moment, which usually dominates the total uranium moment in compounds, and consequently the orbital moment was predicted to become comparable to the spin moment in UFe 2 .
All the ferromagnetic uranium compounds studied so far by PND are characterized by a single U site in the crystallographic unit cell, both in the paramagnetic and the ferromagnetic states. The situation may be different for U 4 Ru 7 Ge 6 . In the paramagnetic phase, U 4 Ru 7 Ge 6 crystallizes in the cubic Im − 3m space group with a single U site.
20-22
Our recent room temperature XRPD measurement confirmed this statement.
23
Below T C = 10.7 K, U 4 Ru 7 Ge 6 orders ferromagnetically with the ground state easy magnetization axis pointing along the [111] crystallographic axis. Thermal expansion measurements 23 show magnetostrictive effects of the order of 10
, and a subsequent rhombohedral distortion. DFT calculations in the rhombohedral, ferromagnetic, ground state predict the splitting of the single cubic U site into two non-equivalent sites, with very different magnetic moments.
In this paper we present a detailed PND study at low temperature on a single crystal which provide microscopic experimental evidence of the aforementioned predictions. We also present further DFT calculations including the generalized gradient correction (GGA).
II. EXPERIMENTAL DETAILS
The U 4 Ru 7 Ge 6 single crystal used in this study was prepared by the Czochralski method in a tri-arc furnace. It was cut to 2 × 2 × 2 mm 3 cubic shape. Details of the growth and characterization are published elsewhere, as well as the room temperature structure determination by X-ray powder diffraction (XRPD) on a powdered portion of the single crystal from the current study.
23
No sign of spurious phases have been detected either by XRPD nor by EDX analysis.
All the neutron scattering experiments were carried out at the ILL, Grenoble.
24
Polarized neutron diffraction was carried out using the D3 diffractometer. We collected a set of 448 flipping ratios up to sin θ λ = 0.7 Å −1 with incident beam polarization of 0.95 and wavelength λ = 0.85Å. To extract the magnetic structure factors from the polarized neutron data, one must have an accurate knowledge of the nuclear structure from the same sample at the same temperatures, including the extinction corrections. For a quick check, we used the Laue instrument CYCLOPS. A full unpolarized data collection was carried out at the D9 diffractometer.
At each temperature, we collected a set of 1190 reflections with 0.1 Å −1 < sin θ λ < 1.0 Å −1 using a wavelength of λ = 0.841Å.
III. RESULTS

A. Structural study
The room-temperature space group Im − 3m has the group R − 3m as the only rhombohedral maximal subgroup.
25
In the frame of the R − 3m space group former single U site in a Wyckoff position 8c is split into two different sites U1 and U2 with Wyckoff position 3b and 9d, respectively. As it is in agreement with the prediction of two different U sites with the same multiplicity by DFT
23
, we assume R − 3m as a possible subgroup describing the ground state structure of U 4 Ru 7 Ge 6 . All the following data will be comparably refined using both the room temperature cubic space group Im − 3m and proposed distorted rhombohedral R−3m space group, to rigorously study the ground state structure. The transformations of the unit cell parameters, lattice vectors, atomic site fractional coordinates and h, k, l indices between the Im − 3m and R − 3m space group are summarized in Table I , where we are using the hexagonal description of R − 3m.
As can be seen from the lattice vector transformation in Table I Figure 1) . The six Ru2 cubic 12d ions are forming a hexagonal arrangement around the U ions in the cubic structure that is perpendicular to the body diagonals. This local coordination is crucial for the structure of U 4 Ru 7 Ge 6 , as the shortest inter-uranium dis-
≈ 4.14665 Å is rather large while the distance between U ion and the nearest Ru ions d U−Ru2 cubic ≈ 2.93212 Å highlights the importance of hybridization between U 5f and Ru 4d wavefunctions. The proposed symmetry change is most pronounced in the change of the fractional coordinate x of the Ru2 cubic 12d (Ru2 hex 18g) site, that is no longer fixed by symmetry. Formerly the U position 8c has . − 3m point symmetry (it has no symmetry along the cubic primary directions in the {100} cub family, three-fold rotoinversion axis along
Ge 12e (xGe, 0, 0), xGe ∼ 0.31 Ge 18h ( Table I . Summary of the structural transformation between Im − 3m and R − 3m spacegroup. Underlined coordinates in the R − 3m spacegroup are free parameters and are thus connected with the distortion. the secondary direction family {111} cub and mirror plane perpendicular to the {110} cub family). As the fractional coordinate x of the Ru2 hex position starts to deviate from the 0.25 value, this strict hexagonal arrangement is conserved only for the U1 sites in the distorted rhombohedral structure. It can be seen from the preserved site symmetry of the U1 site, which is −3m (primary direction of the rhombohedral lattice in the hexagonal axes is {001} hex that is in our case parallel with the {111} cub and secondary direction is {100} hex , parallel with the {110} cub ) while the U2 site has only .2/m and the hexagonal arrangement of the Ru ions is distorted. One should notice that the proposed small distortion does not cause the appearance of any additional Bragg reflections within the experimental sensitivity of our experiments. It only introduces different rules for merging of the equivalent reflections. This was confirmed using the neutron Laue diffractometer CYCLOPS, where we did not observe any additional reflections down to 2 K. See Supplemental Material for the Laue pictures.
The unpolarized neutron diffraction experiment gives 371(216) inequivalent reflections assuming a R − 3m (Im − 3m) space group. The internal agreement factor of the equivalent reflections was 4.74% (6.43%) at 1.9 K and 3.50% (4.40%) at 20 K for R − 3m (Im − 3m) space group. It was thus always slightly better using the distorted R − 3m space group, even in the paramagnetic phase.
As the intensities at 1.9 K (ordered state) should be affected both by nuclear and magnetic contribution we have measured the temperature dependence of four different strong reflections from 15 K down to 1.9 K . Their intensity did not show any significant change. Such observation is acceptable since the spontaneous magnetic moment of U 4 Ru 7 Ge 6 is only 0.85 µ B /f.u.. We have also treated the reflections with a large enough scattering vector, i.e. sin θ λ > 0.6 Å −1 , separately. These should be much less affected by the magnetic contribution as was later confirmed by polarized neutron experiment where reflections above this value showed flipping ratios close to 1 (see Section III. C.).
The breaking of symmetry can lead to the existence of the twins (4 types of the domains in our case). We have checked this possibility and refined our data with including these four twin components. However, based on the twin domain fractions obtained for each twin domain [97(2) : 0(2) : 0(1) : 3 %] we can conclude that after the phase transition the sample remain mainly as a single domain.
The structure was refined from the measured integrated intensities, corrected for absorption, using the Fulprof software package 26, 27 , including extinction corrections and isotropic temperature factors. The results are Table II . Structural parameters and isotropic displacement parameters obtained from the refinement of the neutron diffraction data. The rows labeled as 20 K and 1.9 K show results for refinement using the whole set of reflections, while the one labeled as 1.9 K, q > 0.6 Å −1 shows results only for the reflections with q > 0.6 Å −1 .
summarized in Table II , with different agreement factors for the cubic (Im−3m) and rhombohedral (R−3m) space groups. Negative atomic displacement parameter B iso for U ion at 1.9 K, when only reflections with
are assumed, is consistent with our model of loss of the cubic symmetry in the ground state. Nevertheless, it can not be taken as a clear evidence for the structure change. A possible site mixing was also checked with no significant effect on the agreement factors. The crucial importance of the performed neutron diffraction study was the structure determination as far as possible, including the extinction and absorption correction, on the same crystal and at the same temperature as in the following polarized neutron experiment.
B. DFT calculations
Details of our calculations can be found in our previous work.
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To obtain the microscopic information about the values of spin and orbital magnetic moments we applied the methods based on density functional theory (DFT). To solve Kohn-Sham-Dirac 4-components equations we used the latest version of the computer code full potential local orbitals (FPLO). 28 We used several k-meshes in the Brillouin zone to ensure the convergence of charge densities, total energy and magnetic moments. For the sake of simplicity we assume the ferromagnetic arrangement of the magnetic structure and the local spin density (LSDA) 29 and generalized gradient correction (GGA) 30 were used for exchange and correlation contribution to the total energy. The 5f states of uranium were treated as itinerant Bloch states.
To further test the performance of LSDA and GGA the equilibrium volume were calculated and compared with experimental value V 0 . The LSDA overbinds the minimal volume by 4.8 % (V /V 0 = 95.2). In contrast to this value the GGA 30 improves the agreement with experiment remarkably (V /V 0 = 1.01). Therefore the GGA description 30 of U 4 Ru 7 Ge 6 seems to be more precise than LSDA.
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Calculated components of magnetic moment using GGA for all the atoms in the unit cell are listed in the Table III. C. Polarized neutron diffraction study
The flipping ratio method using a polarized neutron beam is a powerful tool to study small magnetic moments. It is based on the measurement of the flipping ratio R = [001] hex ).
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Our sample was thus aligned to have the external vertical magnetic field parallel to that direction. We collected a set of flipping ratios at the same temperatures (1.9 K and 20 K) as in the unpolarized experiment. The applied magnetic field was 1 T and 9 T for both measured temperatures.
The obtained results were treated both with respect to cubic Im − 3m and rhombohedral R − 3m space group. While merging the equivalent flipping ratios obtained in 9 T and 1.9 K within rhombohedral R − 3m space group leads to the 78 independent values with internal agreement factor of 1%, the same approach for cubic Im − 3m space group gives 52 independent values with a degraded 3.5 % internal agreement factor. The inadequacy of the cubic description can be further illustrated by the example of the two reflections with dramatically different flipping ratios. These are namely (030) hex reflection with R = 1.28(2) and (211) hex with R = 0.79(2) as two inequivalent ones in the R−3m space group. But according to the Im − 3m space group, they should be equivalent within the {2 − 11} cub family. It clearly shows, that cubic space group Im − 3m cannot be used to describe the ground state of U 4 Ru 7 Ge 6 . Same result was observed for the data obtained at 1.9 K in 1 T and at 20 K and 9 T. We will thus focus only on the description using rhombohedral R−3m space group in following treatment of polarized neutron data, both using maximum entropy calculations or direct flipping ratios refinement.
Maximum entropy method (MAXENT)
The maximum entropy approach is not affected by any prior assumption of the distribution of magnetic density. Its only inputs are the symmetry and dimensions of the unit cell and the magnetic structure factors obtained from the measured flipping ratios. In our case the whole unit cell was divided in to 235 x 235 x 145 separated voxels. We used Dysnomia software utilizing the Cambridge algorithm 31 to calculate the most probable spin density map. The initial state was a flat magnetic density distribution over the unit cell. The results are plotted using the VESTA software.
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The resulting three-dimensional spin density map agrees with the experimental magnetic structure factors and has maximal entropy. Figure 2 shows the spin density map obtained at 9 T and 1.9 K in a slice perpendicular to the [001] hex axis at the fractional coordinate z ≈ 0.833333. This slice truncates both the U1 and U2 ions and evidences a density almost three times higher on the U2 sites than on the U1 site: ∼ 0.24 µ B · Å −3 and ∼ 0.078 µ B · Å −3 respectively, at the center. Integration in the spherical region around the given atomic position can serve as a rough estimation of the magnetic moments associated to each site. We have performed integration in the sphere with gradually increasing radius. The obtained magnetic moments showed saturation around ∼ 1.8 Å for both the U1 and U2 positions. This value is close to the experimental atomic radius of 1.75 Å of uranium.
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See Supplemental Material for the integrated magnetic moment as a function of the radius. Integrated values are 0.17(1) µ B and 0.22(1) µ B for the U1 and U2 site at 9 T and 1.9 K, respectively. Qualitatively comparable results were obtained for the measurement at 1.9 K and 1 T and at 20 K, and 9 T. See Supplemental Material for the corresponding magnetization density maps. All values are summarized in Table III. 2. Direct refinement of the flipping ratios To describe the magnetic structure of U 4 Ru 7 Ge 6 in more detail and distinguish between the spin µ S and orbital µ L components of the magnetic moments we compared the measured flipping ratios (or magnetic structure factors) with a model, in the dipolar approximation.
Our least squares refinement was performed using the FullProf/WinPlotr 26, 27 software. The dipolar approximation uses an isotropic description of the magnetic form factors f M (q) and can be written:
Using tabulated values of the j 0 (q) and j 2 (q) radial integrals, 34 we could extract the spin µ S and orbital µ L magnetic moments. We used the Ru The assumed ground-state space group R − 3m of U 4 Ru 7 Ge 6 has two different U and Ru sites but, according to the symmetry, every f M (q h,k,l ) reflection has a contribution from all four sites, and one has to include them all at once into the least squares fit. Best fits for the all experimental conditions were obtained assuming a U
3+
form factor, although the difference between U
4+
form factor is very small.
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The results are summarized in Table III . As an example, the measured and calculated flipping ratios are plotted in Figure 3 for the (9 T, 1.9 K) data set. See Supplemental Material for the comparison of the measured and calculated flipping ratios for measurement at 1.9 K and 1 T and at 20 K and 9 T.
We first discuss the results in the ordered state. The spin and orbital moments on the U2 site are antiparallel with a dominant orbital contribution leading to a ratio of µL µS = −1.7(2) (−1.8(2)) and parameter C 2 reaches a value of 2.5(1) (2.3(1)) at 1 T (9 T ).
The orbital component of the magnetic moment on the U1 site is very small:−0.04(4) µ B and −0.05(4) µ B at 1 T and 9 T, respectively. Together with the dominating spin component it gives a very unusual value of the ratio of µL µS = −0.2(2) (−0.2(2)) and a very small and negative parameter C 2 = −0.3(3) (−0.3(2)).
The resulting magnetic moment on the Ru1 position is negligible both in 1 T and 9 T. On the other hand the Ru2 position shows a clear induced moment (0.021(5) µ B and 0.030(6) µ B for 1 T and 9 T, respectively).
The bulk magnetization value µ bulk resulting from the magnetometry measurements increases by a factor 1.3 between 1 T (0.94(1) µ B ) and 9 T (1.25(1) µ B ).
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This scaling is valid within the experimental error, for all the fitted magnetic moments of the U and Ru ions. The resulting total magnetic moments per formula unit, and cannot be observed in our neutron diffraction experiments. This µ res value is 0.15(4) µ B and 0.23(4) µ B for 1 T and 9 T, respectively reaching ∼ 17% of the bulk magnetic moment for both cases.
The bulk magnetic moment above the ordering temperature at 20 K, induced by the external magnetic field of 9 T, is 0.98(1) µ B . This value is close to the moment in the ordered state at 1.9 K in the field of 1 T, which reaches the value of 0.94(1) µ B . The analysis of the flipping ratios obtained in these conditions, i.e. above T C , at 20 K and 9 T, gives comparable results to those obtained at 1.9 K and 1 T, i.e. the U1 and U2 position shows remarkably different magnetic moments. Results of the fit are summarized in Table III . All the components of magnetic moments on all the U and Ru sites are almost equal within the experimental error.
IV. DISCUSSION
Using unpolarized neutron single crystal diffraction methods is not sufficient to undoubtedly solve the ground-state structure of the system, as the proposed Figure 3 . Flipping ratios measured at 1.9 K and 9 T compared with the calculated values using the dipolar approximation.
distortion of the cubic structure is very small. Comparison of the agreement factors R F for the Im − 3m and R − 3m space group actually favors the cubic structure both in the ordered state and above T C (see Table II ). However, this may be biased by the fact that the number of inequivalent reflections is much higher for the rhombohedral structure, and the internal agreement factor for the equivalent reflections was always worse for the cubic structure model. The value of the fractional coordinate x Ru2 hex , that is not fixed in the distorted structure, is close to the value of 0.25 given by symmetry in the cubic description, for both the measurements at 20 K and 1.9 K. We can also safely rely on the evidence for the distortion brought by our previous precision measurement of the thermal expansion.
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Further proof is brought by the polarized neutron study, which clearly evidences two uranium sites with drastically different magnetic moments. Further detailed structural study of this compound, like high resolution x-ray diffraction, is desired.
The first-principle calculations presented in our previous work 23 and further improved in this paper clearly shows the necessity to incorporate the spin-orbit interaction while treating the uranium-based intermetallics. Previous calculations of magnetic moments performed on the U 4 Ru 7 Ge 6 omitted the relativistic effects.
37
This spin only approach naturally deals with the only one U position as the lack of spin-orbit interaction does not lower the symmetry. It gives a total magnetic moment of ∼ 2.72 µ B /f.u. that overestimates the experimental bulk value. Our results using GGA give a total magnetic moment of ∼ 1.23 µ B /f.u., much closer to the bulk magnetization value (∼ 1.25 µ B /f.u. at 1.9 K and 9 T). The spin-orbit interaction also leads to the appearance of the two distinct U sites (U1 and U2), in agreement with our proposed rhombohedral distortion. Our DFT calculations show antiparallel alignment of the spin and orbital magnetic moments both on the U1 and U2 sites (see Table III) . This is expected from the third Hund's rule 38 for systems with less than half-filled shells.The spin moments on the U1 and U2 sites are parallel. However, the total magnetic moment of the U1 site is expected to be dominated by its spin component, leading to a mutually antiparallel alignment of the U1 and U2 total moments and resulting in a ferrimagnetic structure in the ground state of U 4 Ru 7 Ge 6 . Such a behavior was observed by neutron powder diffraction in the case of UCu 5 Sn where two different U sites possess antiparallel collinear magnetic moments of dramatically different magnitudes of 2.14(2) µ B /f.u. on the 2a and 0.18(4) µ B /f.u. on the 2c position.
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It is believed to be caused by Kondo screening, acting strongly on the 2c position. Availability of only unpolarized neutron data prevented the authors from distinguishing between the spin and orbital components.
Our polarized neutron diffraction results are in good qualitative agreement with the DFT calculations and gives independent and clear experimental evidence of the presence of two different U sites, excluding the cubic Im − 3m space group as a proper ground-state structure. However, while both the maximum entropy calculations and a direct fit of the flipping ratios clearly show a different density of magnetic moments on the U1 and U2 sites, they also reveal a positive magnetic moment on both of them, in disagreement with the DFT calculations (see Table III ).
Our refined model for fitting of flipping ratios gives a rather large C 2 ∼ 2.5 parameter, irrespective of the applied magnetic field, for the U2 site. It is much higher than the theoretical values calculated within the intermediate coupling scheme for the free U
3+
(1.64) and U
4+
(1.43) ions. These correspond to a ratio µL µS of -2.55 and -3.34 for U
3+
4+
, respectively.
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The U2 site exhibits µL µS ∼ −1.7 independent of the applied field. This ratio depends very strongly on the degree of hybridization between the uranium 5f -and transitionmetal d−wavefunctions and its decrease from the free ion values means strengthening of the hybridization.
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In that sense the 5f -wavefunction of the U2 ion strongly hybridizes with the surrounding Ru 4d-wavefunctions as expected from its coordination. Similar values of the C 2 parameter can be found in the case of antiferromagnetic compounds UNiGa 5
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(2.45 (7)) and UGa 3 43 (2.52 (5)). The total U1 magnetic moment, obtained from polarized neutrons is opposite to the DFT prediction. It also has an extremely small orbital moment irrespective of the applied magnetic field. This means an almost quenched orbital moment of the U ion on the U1 position, which is quite surprising and unexpected. Similar effects was already observed only in the case of metallic α-Uranium, for which the measured magnetic form factor can be approximated as spin-only and varies significantly from the one usually observed for the uraniumbased compounds.
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A later theoretical study actually describes α-Uranium as a system where the third Hund's rule is not valid and the orbital moment can be parallel to the spin moment . 45, 46 Our DFT calculations of U 4 Ru 7 Ge 6 also predict nonnegligible induced moments on both the Ru sites. They are expected to be antiparallel to each other with dominating spin components. A small magnetic moment is also predicted to be present on the Ge site. In disagreement with the DFT calculations we found only negligible magnetic moment on the Ru1 site. On the other hand, the Ru2 site exhibits a significant induced moment dominated by its spin component. These Ru2 ions form a hexagonal arrangement around the U1 site and a distorted hexagon around the U2 position. The ratio of the magnetic moment on the Ru2 site and the U2 site is ≈ 0.12 both at 1 T and 9 T and ≈ 0.16 for the U1 site. This is another direct evidence for the hybridization between U 5f and Ru 4d wavefunctions. This resembles the case of URuAl, where the ratio of the Ru induced magnetic moment to the U moment is even bigger, 0.45 (8) .
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Parallel alignment of the magnetic moment on the U2 and the Ru2 sites can be understood by analogy with the mechanism proposed by Brooks et al.
48
This was used to describe the parallel orientation of the moment on the U and the Co sites in UCoGe observed by XMCD, 49 although polarized neutron diffraction showed an antiparallel arrangement.
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According to that we would expect our 4d spins of Ru to be antiferromagnetically coupled to the 6d spins of U. Thanks to a positive intra-atomic Hund's rule exchange these U 6d spin moments are coupled parallel to the 5f spin moments. Antiferromagnetic coupling of spin and orbital component on U then result in a final parallel orientation of the Ru and U moments.
The residual moment in the unit cell µ res is estimated to represent ∼ 17% of the bulk moment. A comparably large and positive (12%) value was observed in antiferromagnetic UPd 2 Al 3 where it was attributed to the possible contribution of the outer Pd electrons, as there is no observed induced moment on the Pd site itself.
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This compound has a similar coordination of U ions surrounded by hexagons of 4d ions as U 4 Ru 7 Ge 6 but at a larger distance of 3.12 Å. An even larger moment of µ res was found in the uranium-based superconductor UCoGe, where it reaches 54−85% of the bulk magnetic moment 50 , depending on the used method.
The fact that we have observed different magnetic moments on U1 and U2 even in the paramagnetic state at 20 K in a 9 T applied field clearly shows that the proposed distortion to the rhombohedral structure with two different U sites can also be induced by an external magnetic field even above the ordering temperature. The µL µS ratio remains unchanged relative to the ordered state, showing that there is no change in the nature of the 5f wavefunctions between the ferromagnetic and paramagnetic state. Similar results were found in the case of ferromagnetic superconductor UGe 2 .
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It has to be noticed, that we assumed only a co-linear (z component) alignment of the magnetic moments in our study. If we take the R − 3m space group as the real ground state structure and assume U1, U2, Ru1 and Ru2 as the only positions with magnetic moments, then there are four possible maximal magnetic space groups for the propagation vector (0, 0, 0) (i.e. a ferromagnetic state). Among these R −3m
, is the only one that allows moment on all these four positions.
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In the most general case it allows magnetic component out of the z-direction on the U2 and Ru2 position.
Only very few uranium based systems with two different U sites have been studied by neutrons. A ferrimagnetic ground-state was confirmed for the above mentioned UCu 5 Sn. 39 Burlet et al.
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describes antiferromagnetic order of the U 4 Cu 4 P 7 with two different U sites as a result of their different valence states. We are unable to make any conclusions regarding the valence of U ions in the case of U 4 Ru 7 Ge 6 , since the U 3+ and U 4+ form factors are very similar and we also expect rather itinerant nature of the ferromagnetism. Nevertheless, to our knowledge, U 4 Ru 7 Ge 6 is so far the only uranium based ferromagnet that shows a structural distortion in the ordered state, connected with the appearance of two different, formerly symmetry equivalent, U sites.
From the point of view of correct determination of form factors of dramatically reduced 5f -electron magnetic moments and their orbital and spin components by neutron diffraction U 4 Ru 7 Ge 6 represents an extremely difficult case for several reasons, mainly: i) two inequivalent U sites/magnetic moments, ii) lack of reflections arising from only one of U sites, iii) non-negligible Ru 4d-electron induced moments. Experiments utilizing synchrotron radiation (XMCD, Compton scattering, resonant X-ray magnetic scattering) are strongly desired for further progress in understanding the physics of this unique U intermetallic compound.
V. CONCLUSIONS
We have presented experimental evidences of a distortion of the U 4 Ru 7 Ge 6 cubic lattice in the ferromagnetic state, that was predicted by DFT calculations and thermal expansion measurements. This transition from the Im−3m space group to a lower symmetry, most probably described by R − 3m space group, is caused by the dramatic influence of the spin-orbit interaction on the local symmetry of the U ion site. It results in the emergence of two crystallographically inequivalent U sites, U1 and U2, with remarkably different magnetic moments. We have shown that this effect cannot be observed by usual (unpolarized) neutron diffraction, but it appears clearly in our polarized neutron diffraction data. Results of the maximum entropy calculations together with the model based on dipolar approximation undoubtedly show the presence of distinct U1 and U2 sites not only in the ground-state of the compound, but also in the magnetic field (applied along the easy [111] direction) induced state in the paramagnetic regime. Our data suggests a direct connection of the distortion with the magnetic structure, even when field induced in the paramagnetic state. The large value of the C 2 ∼ 2.5 parameter of the U2 position suggests an important role of hybridization of 5f -orbitals with the surrounding Ru 4d−wavefunctions and is far from the theoretical values of the U 3+ or U 4+ free ions. Refinement of our data points toward an almost quenched orbital moment on the U1 site. U 4 Ru 7 Ge 6 also exhibits a magnetic moment on the Ru2 position corroborating the strong hybridization of the 5f U and 4d Ru wavefunctions. We present the absence of additional reflections in the ordered state, as was stated in the main text of our paper. Figure 1 shows the Laue pattern from the CYCLOPS diffractometer measured at the paramagnetic state at 15 K (top) and at the ordered state at 2 K (bottom). 
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MAXIMUM ENTROPY METHOD (MAXENT)
We have used integration in the spherical region of the spin density maps obtained by the MAXENT method to estimate the magnetic moment at a given position. Figure 2 shows the development of the integrated magnetic moment as a function of the increased diameter and centered at the U1 and U2 site, respectively. Both curves show saturation around 1.8 Å. Slices of the all measured spin density maps at 1.9 K and 1 T, 1.9 K and 9 T and 20 K and 9 T are plotted with the same scale in Figure 3 . They all show different magnetic moment on the U1 and U2 site, respectively. 
DIRECT REFINEMENT OF THE FLIPPING RATIOS
Results of the direct refinement of the flipping ratios are listed in Table III in the main text of the paper. Figure 4 shows the comparison of the calculated and measured flipping ratios at the 1.9 K and 1 T and 20 K and 9 T. 
